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Specifications 

1. Title of Invention 

Alkaline - Zinc Storage Battery 

2. Scope of Claims 

(1) An alkaline - zinc storage battery with a zinc electrode consisting mainly of zinc 
and zinc oxide, wherein the zinc electrode contains additives made up of the oxides or 
hydroxides of cadmium and tin at 2 to 15% by weight. 

(2) The alkaline - zinc storage battery disclosed in Claim 1 wherein the 
compounding ratio for the oxide or hydroxide of tin and the oxide or hydroxide of 
cadmium is between 1/6 and 10. 

3 . Detailed Description of Invention 

The present invention is related to alkaline - zinc storage batteries which use 
zinc as the active material of the negative electrodes therein, such as nickel - zinc 
storage batteries, silver - zinc storage batteries, or the like. 

The zinc that is used as the active material in negative electrodes is highly 
beneficial because it possesses a high energy density per weight unit and is inexpensive. 
Nevertheless at the time of discharge, zinc is released into the alkaline electrolyte and 
becomes zinc ion, and when the zinc ion is charged it electro crystallizes in a dendritic 
or spongy form on the surface of the zinc electrode. Repeated charges separate the 



electro crystallized zinc from the electrode to produce internal short circuits which 
shorten the cycle life of the battery. 

Additions of numerous metals and oxides to the active material or the electrolyte 
have been proposed in an effort to extend the cycle life of batteries. One of these is 
cadmium. Cadmium has a high hydrogen overvoltage and has an oxidation reduction 
position greater than zinc, and as such not only inhibits the formation of dendritic zinc 
crystals but also works as an electrically conductive material. This makes it a highly 
desirable additive. 

Nevertheless, over the long term, the charge and discharge reactions form a non- 
dynamic thin film over the surface of the active zinc material, making more difficult for 
the charging and discharging reactions to go on. A detailed look into this non-dynamic 
thin film shows that large amounts of cadmium exist in this layer. As the result of the 
charge and discharge reactions over the long term, the cadmium becomes involved in 
the reactions and gradually pushes onto and is highly concentrated on the surface of the 
zinc electrode, thereby causing electro crystallization. This inhibits the internal 
diffusion of the electrolyte, and invites electrolyte to collect on the surface of the zinc 
electrode, which in turn is believed to form the non-dynamic thin film. 

The present invention takes into consideration the foregoing issues, and extends 
the cycle life of an alkaline - zinc storage battery by providing a zinc electrode 
comprising mainly of zinc and zinc oxide, which has the oxide or hydroxide of 
cadmium or the oxide or hydroxide of tin added thereto in order to reduce the ill effects 
of cadmium additives, and by discovering the optimal compounding ratio for the 
additives included in the zinc electrode. 

The inventors of the present invention prepared a plurality of test batteries (a) 
through (h) under the following conditions. 

Water is added to a powder mixture consisting of X% by weight zinc oxide 
powder, 10% by weight zinc powder, Y% by weight cadmium oxide and Z% by weight 
tin oxide as additives, and 5% by weight fluorine resin powder as a binding agent. This 
mixture is stirred, formed into a sheet using a roller, and a conductive member 
consisting of copper or the like is adhered to the surface thereof. The mixture is then 
vacuum molded and desiccated to produce a zinc electrode. 

The zinc electrode produced in the foregoing manner was combined with a 
publicly known sintered nickel electrode to produce nickel - zinc storage battery (A). A 
cross section of this storage battery is illustrated in Fig. 1. In this Figure (1) represents 
the zinc electrode, (2) represents the nickel electrode, (3) represents the separator, (4) 
represents the storage liquid layer, (5) represents the battery casing, (6) represents the 
battery casing lid, and (7) and (8) represent the positive and negative electrodes. 

The specific percentages for the X% by weight zinc oxide powder, and Y% by 
weight cadmium oxide and Z% by weight tin oxide as additives in test batteries (a) 
through (h) are illustrated in Chart 1 hereunder. In addition, Chart 1 also contains a 
comparison example with only 5% by weight tin oxide added thereto as an additive. 
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Test Battery 


a 


b 


c 


d 


e 


f 


g 


h 


Comparison Battery (i) 


X 


84 


83 


80 


77 


75 


72 


70 


65 


80 


Y + Z 


1 


2 


5 


8 


10 


13 


15 


20 


Y = 5,Z = 0 



Five each of test batteries (a) through (h) and comparison battery (i) were 
prepared, and each battery underwent cyclical testing, with the average values attained 



therein listed in Fig. 2. In this Figure, the horizontal axis is the total content by weight 
of the cadmium oxide and tin oxide additives, while the vertical axis represents the 
number of cycles. As clearly shown in Fig. 2, test batteries (a) through (h), which all 
contained cadmium oxide and tin oxide as additives to the zinc electrode, outperformed 
the comparison battery (i) in cycle life. In particular, the cyclical characteristics were 
strong for test batteries (b) through (g), which contained between 2 and 15% cadmium 
oxide and tin oxide by weight. The various batteries in Chart 1 have a tin oxide and 
cadmium oxide compounding ratio of 4. The cycle conditions called for a 6 hour charge 
at 150 mA, and a discharge at 150 mA until the battery voltage fell to 10 V, at which 
point the discharge was halted. The cycle testing was suspended once the discharge 
capacity reached 50% the initial capacity. 

Test batteries (a) through (h) each contain tin oxide at a compounding ratio of 4 
to the cadmium oxide, test batteries (j) through (s) were prepared with the zinc oxide 
powder X% by weight in the zinc electrode set as 80% by weight, and the total content 
by weight of the cadmium oxide and tin oxide additives set as 5%, with the 
compounding ratios thereof varied as shown in Chart 2. 
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Five each of test batteries (j) through (s) were prepared, and each battery 
underwent cyclical testing (under the same cycle conditions as listed above), with the 
average values attained therein listed in Fig. 3. In this Figure the horizontal axis is the 
content by weight for the cadmium oxide and tin oxide additives (Y / Z), while the 
vertical axis represents the total number of cycles. As clearly shown in Fig. 3, cyclical 
characteristics improved at compounding ratios of between 9 to 1/6 times, but outside 
this range cyclical characteristics suffered. 

This is thought to be due to the tin, which like cadmium has a greater oxidation 
reduction position than zinc, which causes the electro crystallized tin and electro 
crystallized cadmium to mutually form a tertiary structure with a stable porous skeletal 
structure at the time of charging. This structure not only works as an electrically 
conductive member, but is also thought to inhibit the movement of the surface of the 
cadmium on which the non-dynamic thin film is formed. It is thought that this effect 
does not to occur when there are small amounts of tin, namely the compounding ratio is 
larger than 9. In addition, when there are large amounts of tin, namely a compounding 
ratio of less than Vi, self discharging increases and the additive effect of cadmium 
decreases due to the reduction in its volume. 

The foregoing test batteries employed cadmium and tin oxides, but may also 
employ hydroxides in place of said oxides. 

As stated above, the present invention is a zinc electrode which has as its main 
components zinc and zinc oxide. Said zinc electrode has cadmium and tin oxides or 
hydroxides added thereto, and as such the effects of these additives enhance the cyclical 
characteristics of an alkaline - zinc storage battery employing the same over the cyclical 
characteristics of the prior art comparison example. The zinc electrode of the present 
invention has an extremely high industrial value. 



4. Brief Description of Drawings 

Fig. 1 is a cross sectional view of an alkaline - zinc storage battery under the 
present invention. Fig. 2 is a comparison graph illustrating the cyclical characteristics 
in alkaline - zinc storage batteries with varying total weight % content of cadmium 
oxide and tin oxide. Fig. 3 is a comparison graph illustrating the cyclical characteristics 
in alkaline - zinc storage batteries with varying cadmium oxide and tin oxide mixture 
ratios. 

(1) ... Zinc Electrode 

Applicant: Sanyo Electric Co., Ltd. 
Representative: Shizuo Sano, Patent Attorney [Seal] 

Fig. 1 
Fig. 2 

Vertical axis: Number of Cycles 

Horizontal axis: Total Content % by Weight of Additives 
Fig. 3 
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